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BSTRACT

 

Background

 

Obesity and hypertension have been
implicated as risk factors for the development of renal-
cell cancer.

 

Methods

 

We examined the health records of 363,992
Swedish men who underwent at least one physical ex-
amination from 1971 to 1992 and were followed until
death or the end of 1995. Men with cancer (renal-cell
cancer in 759 and renal-pelvis cancer in 136) were
identified by cross-linkage of data with the nationwide
Swedish Cancer Registry. Poisson regression analysis
was used to estimate relative risks, with adjustments
for age, smoking status, body-mass index, and diastol-
ic blood pressure.

 

Results

 

As compared with men in the lowest three
eighths of the cohort for body-mass index, men in the
middle three eighths had a 30 to 60 percent greater
risk of renal-cell cancer, and men in the highest two
eighths had nearly double the risk (P for trend, <0.001).
There was also a direct association between higher
blood pressures and a higher risk of renal-cell cancer
(P for trend, <0.001 for diastolic pressure; P for trend,
0.007 for systolic pressure). After the first five years
of follow-up had been excluded to reduce possible
effects of preclinical disease, the risk of renal-cell can-
cer was still consistently higher in men with a higher
body-mass index or higher blood pressure. At the
sixth-year follow-up, the risk rose further with increas-
ing blood pressures and decreased with decreasing
blood pressures, after adjustment for base-line meas-
urements. Men who were current or former smokers
had a greater risk of both renal-cell cancer and renal-
pelvis cancer than men who were not smokers. There
was no relation between body-mass index or blood
pressure and the risk of renal-pelvis cancer.

 

Conclusions

 

Higher body-mass index and elevated
blood pressure independently increase the long-term
risk of renal-cell cancer in men. A reduction in blood
pressure lowers the risk. (N Engl J Med 2000;343:
1305-11.)
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IDNEY cancers account for 2 to 3 percent
of new cases of cancer in the United States.
In more than 80 percent of these cases, the
cancer arises from the renal parenchyma

and consists of adenocarcinoma (renal-cell carcinoma);
most renal-pelvis cancers are transitional-cell carci-
nomas. In the United States, renal-cell carcinoma is
among the most rapidly increasing of all types of tu-
mors in incidence, particularly among black persons,
whereas the rates of renal-pelvis cancer have declined
during the past two decades.

 

1

K

 

Obesity increases the risk of renal-cell cancer, al-
though this association has not been consistently ob-
served in men.

 

2,3

 

 Hypertension is also a risk factor, but
quantitative data according to levels of blood pressure
are limited.

 

4

 

 A small case–control study based on med-
ical records found that the risk of renal-cell cancer was
higher with higher blood pressures within 5 to 10
years before a diagnosis of renal-cell cancer.

 

5

 

 Cohort
studies with measurements of blood pressure have not
distinguished among different types of renal cancer,
although a dose–response relation was reported in two
studies.

 

6,7

 

 In general, renal-pelvis carcinoma has not
been linked to obesity or hypertension, although an
association with hypertension has been suggested.

 

8

 

Cigarette smoking increases the risk of both types of
kidney cancer, and the increase is greater for renal-
pelvis cancer than for renal-cell cancer.

 

9,10

 

To clarify these associations, we conducted a study
of newly diagnosed kidney cancer during a follow-up
period of as long as 25 years in a large cohort of men
in whom measurements of height, weight, and blood
pressure were obtained at an initial examination. In a
subgroup of the men, who underwent multiple ex-
aminations, we also evaluated the effect of changes in
body-mass index and blood pressure on the risk of
kidney cancer.

 

METHODS

 

The Study Cohort

 

In 1968, Bygghälsan, the Swedish Foundation for Occupation-
al Safety and Health of the Construction Industry, was established
to coordinate all activities concerning occupational safety and health
among construction workers,

 

11,12

 

 including the provision of preven-
tive medical care to all workers in this industry nationwide. Work-
ers were invited to undergo health examinations at intervals of two
to five years. Data from the health examinations, which included
measurements of height, weight, and blood pressure, were registered
in a central data base beginning in 1971.

Between January 1971 and December 1992, information from
389,135 workers was registered in the data base, after the exclusion
of information on 605 workers whose national registration numbers
(unique numbers assigned to each Swedish resident) had been en-
tered incorrectly. We then excluded the 19,418 workers who were
women, because they constituted only 5 percent of the cohort and
because only 5 of them were found to have kidney cancer, and the
5725 men (1.5 percent) who emigrated before the first (base-line)
examination or for whom we did not have complete data on weight,
height, or blood pressure. Of the 363,992 men included in the
study, 234,297 (64 percent) had, in addition to the base-line ex-
amination, one or more follow-up visits.
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Follow-up

 

The men who were given a diagnosis of kidney cancer were iden-
tified with the use of information from the population-based Swed-
ish Cancer Registry, according to the men’s national registration
numbers. This cancer registry was established in 1958 and has been
found to be more than 98 percent complete in its documentation
of cases.
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 In addition, dates of death or emigration during the fol-
low-up period were obtained by cross-linkage with the nationwide
Mortality Registry and Migration Register. The men were followed
from the date of entry into the cohort (defined as the date of the
initial examination) until the date of a diagnosis of kidney cancer,
emigration, or death or the end of the observation period (Decem-
ber 31, 1995), whichever came first.

 

Statistical Analysis

 

Kidney cancers were classified as renal-cell cancer (codes 180.0
and 180.9 of the 

 

International Classification of Diseases, 7th Re-
vision

 

 [ICD-7]) or renal-pelvis or ureteral cancer (ICD-7 codes
180.1 and 181.1).
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 The relative risks of cancer (with 95 percent
confidence intervals) were estimated with Poisson regression analy-
sis, with adjustments for age (as a continuous variable), smoking
status (nonsmoker, former smoker, or current smoker at base line),
body-mass index (the weight in kilograms divided by the square
of the height in meters), and diastolic blood pressure. Body-mass
index and blood pressure, as continuous variables, were used for
adjustment and for the testing of linear trends. To calculate estimates
of risk, body-mass index was divided into eight categories (from
«20.75 to »27.76), with an approximately equal number of men
in each category, and blood pressure was divided into increments
of 10 mm Hg (diastolic pressure from <70 to »110 mm Hg and
systolic pressure from <120 to »160 mm Hg). Effect modifica-
tion was assessed by examination of the risk of cancer associated with
body-mass index or blood pressure within each level of a second
variable, such as age. The significance of interactions between body-
mass index and blood pressure was evaluated by adding an inter-
action term to the model.

The main analysis was based on data from the base-line exam-
ination for the entire cohort. To provide more stable information for
body-mass index and blood pressure, separate analyses were con-
ducted with the average values from the base-line examination and
the first follow-up examination within three years after the base-
line examination; in these analyses, person-years were considered to
have begun accumulating after the first follow-up visit. The effects
of changes over time in body-mass index and diastolic blood pres-
sure were also evaluated with respect to the differences in these val-
ues between the base-line examination and the examination con-
ducted during approximately the sixth year of follow-up.

 

RESULTS

 

The workers entered the cohort at an average age
of 44.2 years. They were followed for an average of
16 years, for a cumulative total of 5,783,888 person-
years of follow-up. At the time of entry, 52 percent
of them smoked cigarettes or had smoked in the past
(Table 1). They had a mean (±SD) body-mass index
of 24.5±3.1, a mean diastolic blood pressure of 84±
13 mm Hg, and a mean systolic blood pressure of
140±18 mm Hg. The mean body-mass index varied
little according to age, whereas the mean blood pres-
sure was higher in older men than in younger men.

During follow-up, renal-cell cancer was diagnosed
in 759 men and renal-pelvis cancer in 136 men. Men
who were current or former cigarette smokers at base
line had a significantly higher risk of renal-cell cancer
and an even higher risk of renal-pelvis cancer than men
who had never smoked (relative risk of renal-cell can-

cer, 1.3 [95 percent confidence interval, 1.0 to 1.6]
for former smokers and 1.6 [95 percent confidence
interval, 1.3 to 1.9] for current smokers; relative risk
of renal-pelvis cancer, 1.6 [95 percent confidence in-
terval, 0.9 to 3.1] for former smokers and 3.5 [95
percent confidence interval, 2.1 to 5.8] for current
smokers) (Table 2). Furthermore, the risk of renal-
cell cancer was significantly higher among men with
a higher body-mass index than among those who
were leaner (P for trend, <0.001); the risk was nearly
doubled for men in the highest eighth of the cohort
for body-mass index (relative risk as compared with
the leanest subgroup, 1.9; 95 percent confidence in-
terval, 1.3 to 2.7) (Table 2). Height was not consis-
tently related to the risk of either type of cancer (data
not shown).

Blood pressure was positively related to the risk of
renal-cell cancer; the dose–response relation was clear-
er for diastolic pressure (P for trend, <0.001) than for
systolic pressure (P for trend, 0.007). The risk of re-
nal-cell cancer in men with a diastolic pressure of 90
mm Hg or more was more than double the risk in
men with a diastolic pressure below 70 mm Hg. The
risk of this type of cancer was 60 to 70 percent high-
er in men with a systolic pressure of 150 mm Hg or
more than in those with a systolic pressure below
120 mm Hg. The risks associated with body-mass
index and blood pressure were independent of each
other. In contrast, the risk of renal-pelvis cancer was
not related to body-mass index or blood pressure, ei-
ther in terms of the relative risks or in terms of a dose–
response relation (Table 2).

The risk of renal-cell cancer in relation to body-mass
index and blood pressure varied according to age at
the time of entry into the cohort; men who were ini-
tially less than 50 years old had the highest risks (Ta-
ble 3). For men who entered the cohort at an age of
60 years or older, the excess risk, if present, was small.
Those with a high body-mass index had a significant-
ly higher risk throughout the follow-up period, even
more than 15 years after the base-line examination.
The association between the risk of renal-cell cancer
and diastolic blood pressure, however, was strongest
during the first five years of follow-up. Smoking status
also appeared to modify the association between this
risk and body-mass index, with the highest increases
in risk found among nonsmokers. In addition, the
association between the risk of renal-cell cancer and
body-mass index and the association between this
risk and blood pressure were similar for men recruited
from 1971 through 1979 and those recruited from
1980 through 1992 (data not shown).

We also examined the combined effect of body-
mass index and blood pressure on the risk of renal-cell
cancer after excluding the men in whom cancer was
diagnosed during the first five years of follow-up and
after excluding all the person-years the cohort accu-
mulated during that period (to reduce the possible
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*Plus–minus values are means ±SD. The cohort included men who underwent at least one phys-
ical examination between 1971 and 1992 and who were followed until death or the end of 1995.
Body-mass index is the weight in kilograms divided by the square of the height in meters.
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DIASTOLIC SYSTOLIC

 

person-yr % mm Hg

 

<30 yr 173,208 (48) 2,466,821 43 24.1±3.2 79±13 138±17

30–39 yr 76,019 (21) 1,327,355 61 24.4±3.1 83±14 138±17

40–49 yr 52,073 (14) 894,554 63 24.6±3.1 86±13 139±18

50–59 yr 45,305 (12) 791,529 61 24.6±3.1 86±13 141±20

»60 yr 17,387 (5) 303,629 53 24.6±3.1 86±12 144±20

Overall 363,992 (100) 5,783,888 52 24.5±3.1 84±13 140±18

*All models included age, smoking status, body-mass index (the weight in kilograms divided by the square of the height
in meters), and diastolic blood pressure. CI denotes confidence interval. 
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NO
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OF
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WITH
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RELATIVE

 

 

 

RISK

 

(95% CI)

 

person-yr

 

Smoking status
Nonsmoker
Former smoker
Current smoker
Unknown

148,206
51,638

138,332
25,816

2,129,536
909,630

2,289,228
455,494

180
145
334
100

1.0 (—)
1.3 (1.0–1.6)
1.6 (1.3–1.9)
1.6 (1.2–2.0)

18
19
82
17

1.0 (—)
1.6 (0.9–3.1)
3.5 (2.1–5.8)
2.6 (1.3–5.0)

Body-mass index
«20.75
20.75–21.90
21.91–22.85
22.86–23.80
23.81–24.76
24.77–25.95
25.96–27.75
»27.76
P for trend

45,073
45,131
45,057
46,516
44,916
45,987
45,499
45,813

705,242
707,289
710,225
741,832
720,615
744,218
735,804
718,663

32
46
43
78

107
102
156
195

1.0 (—)
1.2 (0.7–1.8)
0.9 (0.6–1.5)
1.4 (0.9–2.1)
1.6 (1.1–2.4)
1.3 (0.8–1.9)
1.7 (1.1–2.5)
1.9 (1.3–2.7)

<0.001

15
8

13
13
22
23
22
20

1.0 (—)
0.4 (0.2–1.0)
0.6 (0.3–1.3)
0.5 (0.2–1.1)
0.8 (0.4–1.5)
0.7 (0.4–1.3)
0.6 (0.3–1.1)
0.5 (0.2–1.0)
0.25

Diastolic blood pressure
<70 mm Hg
70–79 mm Hg
80–89 mm Hg
90–99 mm Hg
100–109 mm Hg
»110 mm Hg
P for trend

40,407
110,461
139,998
57,060
11,627
4,439

540,097
1,695,116
2,317,216

974,597
187,114
69,748

12
96

273
272
78
28

1.0 (—)
1.4 (0.8–2.5)
1.7 (0.9–3.0)
2.1 (1.2–3.9)
2.3 (1.2–4.4)
2.2 (1.1–4.5)

<0.001

6
22
49
46
10
3

1.0 (—)
0.6 (0.2–1.5)
0.6 (0.2–1.4)
0.7 (0.3–1.8)
0.6 (0.2–1.9)
0.6 (0.1–2.4)
0.74

Systolic blood pressure
<120 mm Hg
120–129 mm Hg
130–139 mm Hg
140–149 mm Hg
150–159 mm Hg
»160 mm Hg
P for trend

39,010
100,884
108,165
67,661
27,361
20,911

554,138
1,561,807
1,754,399
1,122,128

458,505
332,911

28
103
192
168
124
144

1.0 (—)
1.1 (0.7–1.7)
1.5 (1.0–2.2)
1.4 (0.9–2.1)
1.6 (1.1–2.4)
1.7 (1.1–2.6)

0.007

11
28
29
27
20
21

1.0 (—)
0.8 (0.4–1.7)
0.6 (0.3–1.2)
0.6 (0.3–1.3)
0.7 (0.3–1.5)
0.7 (0.3–1.5)
0.91



 

1308

 

·

 

November 2,  2000

 

The New England Journal  of  Medicine

 

effect of increases in blood pressure due to preclini-
cal cancer) (Table 4). The risk of renal-cell cancer rose
consistently with increasing body-mass index at each
level of diastolic blood pressure analyzed. Conversely,
it tended to rise, though not consistently, with increas-
ing diastolic pressure at each level of body-mass index
analyzed.

To increase the stability of the base-line measure-
ments of blood pressure, we averaged the results of the
first two examinations for men who had a second ex-
amination within three years after the initial examina-
tion. Among these men, the risk of renal-cell carcino-
ma increased steadily with higher average diastolic or
systolic blood pressure and was generally higher than
the risk for the entire cohort, calculated with data
from only the initial examination (data not shown).

We also examined the effects of changes in body-
mass index or diastolic blood pressure (actual changes
and percent changes) between the base-line examina-
tion and the sixth-year follow-up visit (Table 5). The
risk of renal-cell cancer was more than doubled in

men whose diastolic pressure rose by more than 14
mm Hg (relative risk, 2.3; 95 percent confidence in-
terval, 1.4 to 3.7) or by more than 19 percent (rel-
ative risk, 2.2; 95 percent confidence interval, 1.3 to
3.7) as compared with men who had little change in
diastolic blood pressure. In contrast, a decrease in di-
astolic blood pressure during this period reduced the
risk by 40 percent in those whose diastolic pressure
decreased by more than 14 mm Hg (relative risk, 0.6;
95 percent confidence interval, 0.3 to 1.3) and in those
whose diastolic pressure decreased by more than 9 per-
cent (relative risk, 0.6; 95 percent confidence interval,
0.3 to 0.9). This pattern persisted over each 5-year
period of follow-up after the sixth-year examination
(0 to 5, 6 to 10, and >10 years after this examina-
tion) (data not shown). The risk of renal-cell cancer in
relation to changes in body-mass index between the
time of the base-line examination and the sixth-year
visit was not statistically significant. The risk in men
with the largest increases in body-mass index was 1.6
to 2.0 times the risk in men who had little change

 

*All models included age, smoking status, body-mass index (the weight in kilograms divided by the square of the height in meters), and
diastolic blood pressure. CI denotes confidence interval.
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 STRATIFICATION ACCORDING TO SELECTED CHARACTERISTICS.*

VARIABLE BODY-MASS INDEX DIASTOLIC BLOOD PRESSURE (mm Hg)

«22.85 22.86–25.95 »25.96 «79 80–99 »100

Age at entry
<50 yr

Relative risk (95% CI)
No. with cancer

50–59 yr
Relative risk (95% CI)
No. with cancer

»60 yr
Relative risk (95% CI)
No. with cancer

1.0
61

1.0
35

1.0
25

1.9 (1.4–2.6)
128

1.4 (1.0–2.1)
108

1.0 (0.6–1.6)
51

2.5 (1.8–3.5)
121

1.8 (1.2–2.6)
155

1.2 (0.8–1.9)
75

1.0
68

1.0
25

1.0
15

2.2 (1.7–2.9)
218

1.4 (0.9–2.1)
222

1.0 (0.6–1.8)
105

4.5 (2.7–7.3)
24

1.5 (0.9–2.5)
51

1.3 (0.7–2.4)
31

Length of follow-up
«5 yr

Relative risk (95% CI)
No. with cancer

6–15 yr
Relative risk (95% CI)
No. with cancer

>15 yr
Relative risk (95% CI)
No. with cancer

1.0
14

1.0
61

1.0
46

1.5 (0.8–2.7)
41

1.2 (0.9–1.6)
130

1.5 (1.1–2.2)
116

1.6 (0.9–3.0)
54

1.6 (1.2–2.1)
174

1.8 (1.3–2.6)
123

1.0
9

1.0
52

1.0
47

1.9 (1.0–4.0)
75

1.3 (0.9–1.7)
263

1.4 (1.0–1.9)
207

3.2 (1.4–7.3)
25

1.4 (0.9–2.1)
50

1.6 (1.0–2.6)
31

Smoking status
Nonsmoker

Relative risk (95% CI)
No. with cancer

Former smoker
Relative risk (95% CI)
No. with cancer

Current smoker
Relative risk (95% CI)
No. with cancer

Unknown
Relative risk (95% CI)
No. with cancer

1.0
11

1.0
16

1.0
76

1.0
18

3.0 (1.6–5.8)
69

1.5 (0.9–2.7)
58

1.2 (0.9–1.6)
127

1.0 (0.6–1.9)
33

4.1 (2.1–7.8)
100

1.7 (0.9–2.9)
71

1.5 (1.1–2.0)
131

1.3 (0.7–2.3)
49

1.0
28

1.0
20

1.0
52

1.0
8

1.0 (0.6–1.5)
117

1.2 (0.8–2.1)
102

1.6 (1.1–2.1)
256

2.2 (1.0–4.7)
70

1.5 (0.8–2.6)
35

1.7 (0.9–3.2)
23

1.3 (0.8–2.1)
26

3.1 (1.3–7.4)
22
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*Men in whom cancer was diagnosed during the first five years of follow-up and the person-years
the cohort accumulated during that period were excluded. All relative risks have been adjusted for
age and smoking. CI denotes confidence interval.

†Body-mass index was calculated as the weight in kilograms divided by the square of the height in
meters.

TABLE 4. COMBINED EFFECT OF DIASTOLIC BLOOD PRESSURE AND BODY-MASS INDEX 
ON THE RELATIVE RISK OF RENAL-CELL CANCER.*

BODY-MASS INDEX† DIASTOLIC BLOOD PRESSURE (mm Hg)

«79 80–99 »100

no. with 
cancer

relative risk 
(95% CI)

no. with 
cancer

relative risk 
(95% CI)

no. with 
cancer

relative risk 
(95% CI)

«22.85 33 1.0 (—) 70 1.3 (0.9–2.0) 4 1.2 (0.4–3.3)

22.86–25.95 40 1.2 (0.8–2.0) 182 1.8 (1.2–2.6) 24 2.3 (1.4–4.0)

»25.96 26 1.8 (1.1–3.1) 218 2.3 (1.6–3.4) 53 2.7 (1.7–4.2)

*All models included age, smoking status, body-mass index (the weight in kilograms divided by
the square of the height in meters), and diastolic blood pressure. Minus signs denote a decrease and
plus signs an increase. CI denotes confidence interval.

†Two hundred eleven men did not have measurements of height and weight at the sixth-year ex-
amination.

‡P values for trend are for the risk in relation to increases in body-mass index with respect to the
reference value.

TABLE 5. RELATIVE RISK OF RENAL-CELL CANCER AMONG MEN 
IN THE COHORT ACCORDING TO CHANGES IN DIASTOLIC BLOOD PRESSURE 

AND BODY-MASS INDEX.*

VARIABLE NO. OF MEN FOLLOW-UP

NO. WITH 
CANCER

RELATIVE RISK 
(95% CI)

person-yr

Diastolic pressure
Actual change

More than ¡14 mm Hg
¡14 to ¡5 mm Hg
¡4 to +4 mm Hg
+5 to +14 mm Hg
More than +14 mm Hg
P for trend

Percent change 
More than ¡9%
¡9 to ¡5%
¡4 to +4%
+5 to +9%
+10 to +19%
More than +19%
P for trend

5,564
25,480
40,883
30,334
7,994

18,668
15,855
33,155
16,482
17,927
8,168

65,761
327,037
550,748
403,856
104,082

232,366
207,596
444,512
219,985
240,726
106,299

8
35
76
59
24

21
24
68
36
34
19

0.6 (0.3–1.3)
0.7 (0.5–1.0)
1.0 (—)
1.2 (0.9–1.7)
2.3 (1.4–3.7)

<0.001

0.6 (0.3–0.9)
0.7 (0.4–1.1)
1.0 (—)
1.2 (0.8–1.8)
1.2 (0.8–1.8)
2.2 (1.3–3.7)

<0.001
Body-mass index†

Actual change
More than ¡0.99
¡0.99 to ¡0.50
¡0.49 to +0.49
+0.50 to +0.99
+1.00 to +1.49
+1.50 to +1.99
+2.00 to +2.49
More than +2.49
P for trend‡

Percent change
More than ¡4%
¡4 to +4%
+5 to +9%
+10 to +14%
More than +14%
P for trend‡

8,747
8,157

27,409
18,607
14,387
11,746
7,897

13,094

7,544
57,106
27,872
11,581
5,941

116,331
109,819
370,293
248,801
190,753
152,518
100,808
159,722

99,943
769,337
364,495
144,902
70,369

28
17
54
30
28
13
12
20

26
110
43
16
7

1.3 (0.8–2.0)
1.0 (0.6–1.7)
1.0 (—)
1.0 (0.6–1.5)
1.3 (0.8–2.0)
0.8 (0.5–1.5)
1.3 (0.7–2.4)
1.6 (1.0–2.7)

0.13

1.5 (1.0–2.3)
1.0 (—)
1.2 (0.8–1.7)
1.5 (0.9–2.6)
2.0 (0.9–4.2)

0.06
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in body-mass index. The risks related to changes in
body-mass index or blood pressure were independent
of those associated with the degree of obesity or hy-
pertension at base line.

DISCUSSION

In this study of Swedish men, we found independ-
ent dose–response relations between body-mass index
and the risk of renal-cell cancer and between diastol-
ic and systolic blood pressure and the risk of renal-cell
cancer, with a greater risk observed in men with an
even slightly higher body-mass index or blood pressure
than in their counterparts with lower values. Changes
in blood pressure over time influenced this risk inde-
pendently of the effect of hypertension at base line,
suggesting that a reduction in blood pressure may help
to prevent renal-cell cancer. The specificity of the asso-
ciation between high blood pressure and high body-
mass index and the risk of renal-cell cancer, as opposed
to renal-pelvis cancer, in this relatively homogeneous
population, as well as the persistent increases in this
risk during more than 15 years of follow-up, argues
against the presence of any confounding factor or oth-
er potential source of bias as an explanation for our
findings. Furthermore, our study confirmed the results
of previous studies10 that indicated that cigarette smok-
ing increases the risk of both types of renal cancer.

Previous studies of the relation between renal-cell
cancer and blood pressure were based on relatively
small numbers of subjects.5-7 In our study, the num-
ber of men with renal-cell cancer was sufficient to
show a clear dose–response relation over a wide range
of blood-pressure levels. Even slightly higher blood
pressures conferred some excess risk, whereas increas-
es in blood pressure over time further raised the risk
independently of the presence of hypertension at base
line. Of special interest was the decrease in risk asso-
ciated with a reduction in blood pressure over time,
although further studies will be needed to confirm
this finding.

Whereas the excess risk of renal-cell cancer associ-
ated with obesity was consistent throughout the fol-
low-up period, the risk related to hypertension was
highest during the first five years of follow-up. Renal
tumors in their early stages, before diagnosis, may
cause increases in blood pressure15 and thus contrib-
ute to the apparent risk associated with hypertension
during the initial years of follow-up. However, even
after we excluded the men in whom cancer was diag-
nosed and the person-years accumulated by the co-
hort during the first five years of follow-up, the risk
of renal-cell cancer still was significantly higher at
higher blood pressures, suggesting that the associa-
tion is not an artifact of routine health examinations.

Epidemiologic studies have not been able to dis-
tinguish the effects of hypertension from those of di-
uretics or other antihypertensive drugs on the risk of
renal-cell cancer.4,5 We did not collect data on the use

of antihypertensive drugs; however, several of our
findings — the monotonic, dose–response relation as-
sociated with increments in blood pressure, the excess
risk seen with only slightly elevated blood pressures
(which may not prompt treatment), and the reduced
risk associated with decreased blood pressure at sub-
sequent visits — implicate hypertension as a risk fac-
tor for renal-cell carcinoma. Indeed, our data indicate
that effective control of hypertension may lower the
risk of renal-cell cancer.

Several other potential limitations of our study
should be considered. Only a subgroup of the men
in the cohort had a follow-up visit after the initial,
base-line examination. However, the men who had
more than one examination were more likely to be
active and healthy than those who did not have a fol-
low-up examination. It therefore seems unlikely that
increases in the risk of renal-cell cancer associated
with worsening hypertension over time were due to
selection bias in this subgroup. In addition, although
our results provide strong evidence of a dose–response
relation with body-mass index and blood pressure in
men, they may not apply to the same extent in women.

Our finding that obesity and hypertension inde-
pendently increase the risk of renal-cell cancer suggests
that these factors act to increase this risk through dif-
ferent mechanisms. Obese persons have high serum
concentrations of free insulin-like growth factor I,16

an important mitogen that affects the cell cycle.17 High
serum insulin-like growth factor I concentrations have
been linked to an increased risk of several cancers,
including cancers of the breast, prostate, lung, and
colorectum,17 but the level of this growth factor has
not been reported to be related to the risk of renal-cell
cancer. Obesity may also increase the risk by increas-
ing the serum concentrations of free estrogens,18,19

which have been linked to the risk of renal-cell can-
cer in studies in animals,20 but epidemiologic studies
of renal-cell cancer among women have found no
clear association between the risk of this cancer and
the use of exogenous estrogens.21,22

As for hypertension, a variety of angiogenic and
other growth factors, the levels of which are increased
in persons with hypertensive disease, may be involved
in renal carcinogenesis.23,24 Subtle changes in renal
function that precede the development of overt hyper-
tension25,26 may render the kidney susceptible to car-
cinogens and tumor growth. A long-term cohort
study of men who underwent health examinations at
the time they entered college27 revealed a tripling of
the risk of kidney cancer among those who had pro-
teinuria.

Our findings underscore the importance of even
small excesses in body-mass index and blood pressure
in the development of renal-cell cancer and suggest
that effective control of weight and hypertension may
be useful in the prevention of this increasingly com-
mon type of cancer.
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